treated in a fashion similar to that sketched for the deep-borehole option, by considering first the various driving forces for convection (density differences arising, for example, from heating or gas evolution, but also the very slow flow of pore water through the material) and then the transport of dissolved ions, taking into account the sorption of plutonium on sediment particles. Although it appears that convective transport of weapons plutonium could be reduced to extremely low levels by correct emplacement, convection is still likely to dominate diffusive transport over very long times since transport distances increase linearly with time for convection, and only as the square root of time for diffusion.
As in the case of the granite and bentonite described above, plutonium would be expected to bind to the rnud particles, further delaying any possible movement. First, consider the movement without such adsorption. The rate at which a material will move by diffusion if it is not bound to particles in the medium depends on the diffusion coefficient D of the material in the medium. The mean square displacement of the material, <x2>, is proportional to D and
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the time elapsed: <x > = Dt. The diffusion coefficient of dissolved plutonium
f\         0
may be estimated as some 2x10" cm /sec—some ten times lower than that of water itself. This would correspond to a root mean square displacement of about 25 meters (almost enough to reach the surface) in 100,000 years, at which time (4 half-lives of radioactive decay) roughly one-sixteenth of the original plutonium would remain. This is the expected diffusion in still water— that is, water immobilized in fine sand that does not sorb the plutonium.
Although some radionuclides (such as technetium) do not sorb on the mud particles and therefore would move through the mud at the rate described above, plutonium tends to bind strongly to the mud particles and therefore its motion through the mud would be drastically slowed.11 As noted in the discussion of deep boreholes, such sorption is often described by using a parameter known as the "distribution coefficient," Kd.12 The rate of diffusion through
11 Each mud particle, however, has a limited number of surface sites capable of sorbing a particular class of charged atom, or ion, such as plutonium. Thus, the volume of mud immediately around the canister may become saturated with plutonium, at which point the remaining plutonium not yet bound to the mud will diffuse through it at the rates described above, as though no sorption were taking place. The mud's capability to bind plutonium might be saturated at a concentration of something like 1 kilogram of plutonium per cubic rneter of mud, even if the plutonium concentration in the pore water is well below the solubility limit. At that concentration, the 10 kilograms of plutonium that might be held in a single canister would be sorbed in 10 cubic meters of mud, so the saturation zone would extend less than 1.5 meters from the canister itself. Hence this discussion focuses only on the simpler unsaturated problem.
12 The units of Kd are milliliters per gram of sorbant—each gram of sorbant adds as much "hidden volume" as would Kd milliliters of actual solvent. For y grams of sorbant per milliliter of gross volume, and for y x Kd » 1, the mass of plutonium per milliliter of gross volume would be larger than that in tfi*> crtintirtn untiirmt cnrhant hv o far-tnr v v Jf,- this annlips tn rhp. linear range, for which KJ is nearlvng cost of lost revenue, and the utility that owns the reactor would have to be persuaded to allow its use for this purpose. This option, however, would have the significant advantage of providing two reactors and a fuel-fabrication facility on a single nuclear-weapons complex site. The time and cost for modifying and licensing WNP-2 might turn out to be lessummary of the
